
















































4O PROMOTE  TARNISH AND CORROSION  RESISTANCE  THESE PRODUCT 
PHASES MAY OR MAY NOT CONTRIBUTE TO THE AGEHARDENABILITY 
ONE OF THE IMPORTANT PROPERTIES ESSENTIAL FOR  DENTAL ALLOYS )N 
THE  RECENT  STUDIES  ON  THE  AGEHARDENING  MECHANISM  OF 
DENTAL  ALLOYS  THE  :NCONTAINING  )N0D  PHASE  AND  THE 
0D!G	)N:N	  PHASE  WERE  REPORTED  TO  BE  FORMED  IN  THE 
!G  0D  !U  )N ALLOY WITH :N AND THE !G  0D ALLOY WITH )N :N 
AND  )R  RESPECTIVELY  	  "OTH    PHASES  CONTRIBUTE    TO  THE 
HARDNESS INCREASE DURING AGING PROCESS  'ENERALLY HOWEVER 
THE PHASE COMPOSED OF  )N AND 0D MAY FUNCTION DIFFERENTLY 
CONSIDERING  THAT  THE  MAJORITY  OF  DENTAL  ALLOYS  CONTAIN  THE 
#OPPER  ELEMENT THE  USUAL HARDENER  
)N THE PRESENT STUDY A !U!G#U0D ALLOY CONTAINING )N :N 
AND  )R  AS  MINOR    ADDITIONS  WAS  USED  TO  EXAMINE  THE  AGE
HARDENING  AND  OVERAGING  MECHANISM  4HERE  HAVE  BEEN 
SEVERAL STUDIES ON THE AGEHARDENING BEHAVIOUR OF THE !U!G
#U0D ALLOYS WITH OR WITHOUT MINOR ADDITIONS 	 (OWEVER 




4HE  OBJECT  OF  THIS  STUDY  IS  TO  IDENTIFY    THE  HARDENING  AND 













"EFORE  HARDNESS  TESTING  THE  ALLOY  SAMPLES  WERE  SOLUTION 
TREATED  AT  #  FOR   MIN  UNDER  AN  ARGON  ATMOSPHERE 
THEN RAPIDLY QUENCHED INTO ICED BRINE TO PREVENT ANY REACTION 
OCCURRING  4HEN  SAMPLES  WERE  ISOCHRONALLY  AGED  IN  THE 
TEMPERATURE RANGE OF # TO # AND WERE ISOTHERMALLY 






#  4HUS  THE  ISOTHERMAL  AGEHARDENING  CURVES  WERE 
OBTAINED  AT  THESE  VARIOUS  AGING  TEMPERATURES  WITH  AGING 
TIME 
&IG  SHOWS THE ISOTHERMAL AGEHARDENING CURVES OF THE 
SPECIMEN  ALLOY  SOLUTIONTREATED  AT  #  FOR    MIN  AND 
THEN  AGED  AT  #  AND  #  RESPECTIVELY  4HE  AGE
HARDENING  RATE WAS MORE  RAPID AT # DUE  TO  THE  FASTER 
DIFFUSION  AT  HIGHER  TEMPERATURE  BUT  THE  AGEHARDENING 
CURVES AND AGEHARDENABILITY WERE SIMILAR THIS INDICATES THAT 
THE  SAME  AGEHARDENING  MECHANISM  SUPPORTED  AT    BOTH 
AGING TEMPERATURES 
)N  &IG    THE  HARDNESS  INCREASED  DRASTICALLY  IN  THE  EARLY 
STAGE OF  THE AGING PROCESS !T  THE AGING  TIME OF  MIN AT 




#  AND   MIN  AT  #  RESPECTIVELY  AND  THEN  THE 
HARDNESS DECREASED CONTINUOUSLY WITH AGING TIME 
MOLTEN  SALT  BATH   +./   +./   .A./  
 .A./	 USED FOR THE TEMPERATURE RANGE FROM # TO 
# THEN QUENCHED INTO ICE BRINE FOR SUBSEQUENT  HARDNESS 
TESTING  (ARDNESS  MEASUREMENTS  WERE  COMPLETED  USING  A 









82$  PRO½LES  WERE  RECORDED  BY  AN  8RAY  DIFFRACTOMETER 















%0-!  AND  %$3  ANALYSES  WERE  COMPLETED  TO  OBSERVE  THE 
DISTRIBUTIONAL CHANGES OF EACH ELEMENT IN THE SPECIMEN ALLOY 
DURING THE AGING PROCESS &OR THE %0-! AND %$3 ANALYSES THE 








&IG    SHOWS  THE  ISOCHRONAL  AGEHARDENING  CURVES  OF  THE 
SPECIMEN  ALLOY  SOLUTIONTREATED  AT  #  FOR   MIN  AND 
4ABLE 
#HEMICAL COMPOSITION OF THE ALLOY USED 
#OMPOSITION  !U  !G  #U  0D  )N  :N  )R
WT              




































APPEARED  STRONGER  APPARENTLY  EXCEPT  FOR  THE  )N0DBASED 
PHASE  




AGING  TIME  OF    MIN  WHEN  THE  HARDNESS  DECREASED 
SIGNI½CANTLY  BY OVERAGING  THE 82$ PATTERN DID NOT  CHANGE 
EXCEPT FOR THE PEAK SHARPENING OF THE PEAK 
&ROM THE ABOVE RESULTS IT WAS OBVIOUS THAT THE INCREASE IN 






INCREASE  AND  DECREASE  IN  HARDNESS  RESPECTIVELY  )T  IS  WELL 
KNOWN IN STUDIES OF THE AGEHARDENING MECHANISM OF DENTAL 
ALLOYS THAT THE BROADENING OF THE 82$ PEAK DURING THE PHASE 
TRANSFORMATION  INDICATES  THE  INTRODUCTION  OF  LATTICE  STRAINS 
THAT CAUSE THE HARDNESS TO INCREASE 	 &ROM THIS IT IS CLEAR 
  0HASE TRANSFORMATION
&IG    SHOWS  THE  VARIATIONS  OF  THE  82$  PATTERN  DURING  THE 
ISOTHERMAL  AGING AT # WITH  AGING  TIME  )N  THE  SAMPLE 









PHASE  AMONG  THE  PRODUCT  PHASES WAS  ANALYZED  TO  BE  THE 
!U#U ) PHASE WITH LATTICE PARAMETERS OF A   ` AND C 











TRANSFORMATION AND HARDNESS  CHANGES  CHANGES OF  THE 82$ 
PATTERN DURING THE ISOTHERMAL AGING AT # WERE COMPARED 




THE  BROAD    A  PEAK  APPEARED  IN  THE  LOWER  DIFFRACTION 
ANGLE 4HE WEAK  PEAK OF THE )N0DBASED PHASE APPEARED 







































THE A !U#U  ) AND  )N0DBASED PHASES AND THEN THE  LATTICE 








HARDNESS  DECREASED  SIGNI½CANTLY  BY  OVERAGING  "	  4HE 
ELEMENT DISTRIBUTION  IN THE REGION MARKED BY AN ARROW WAS 
ANALYZED WITH  %$3  OF  &%3%-  AND  THE  RESULTS  ARE  SHOWN  IN 








IT  IS  UNDERSTANDABLE  THAT  THE  %$3  RESULTS  AT  THE  B  AND  C
REGIONS  INEVITABLY  RE¾ECTED  THE  ELEMENTS  OF  THE  ADJACENT 















THE  MATRIX  E	  OF  THE  OVERAGED  SPECIMEN  THE  CHANGES  IN 
DISTRIBUTION OF !G #U 0D AND :N WERE THE OPPOSITE OF THOSE 
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RICH  IN  THE  #URICH  AREA  4HE  DISTRIBUTION  OF  :N  AND  OTHER 
MINOR  CONSTITUENTS  WAS  UNDETECTABLE  BY      %0-!  ANALYSIS 
















3%-  EXAMINATION  WAS  COMPLETED  TO  DETERMINE    THE 
MICROSTRUCTURAL  CHANGES  THAT  ARE    RELATED  TO  THE  HARDNESS 




TREATED  SPECIMEN  &IG  !	  THE  MATRIX  COMPOSED  OF  THE 
SINGLE  A  PHASE  WAS  OBSERVED  "Y  AGING  THE  SPECIMEN  AT 
#  FOR  MIN WHEN THE MAXIMUM HARDNESS VALUE WAS 
OBTAINED  &IG  "	  THE  ½NE  )N0DBASED  PRECIPITATES  WERE 
FORMED  AT  THE  GRAIN  BOUNDARY  4HE  CHANGES  IN  THE MATRIX 
WERE NOT CLEAR WITH 3%- OBSERVATIONS  )T IS OBVIOUS FROM THE 
82$ RESULTS &IG 	 HOWEVER  THAT THE A PHASE WAS SEPARATED 
INTO  THE  A  AND  !U#U  )  PHASES  IN  THE  MATRIX  ASDISCUSSED 
ABOVE &ROM THIS   THE HARDNESS  INCREASE WAS THOUGHT TO BE 












WITH  FURTHER  AGING  IT  IS  CLEAR  THAT  THE  PRECIPITATES  WHICH 
SPREAD BROADLY TOWARD THE GRAIN INTERIOR DID NOT COMPRISE  OF 
THE )N0DBASED PHASE BUT THE !U#U ) PHASE 
"Y  FURTHER  AGING  FOR    MIN  &IG  $	  WHEN  THE 
HARDNESS  DECREASED  SIGNI½CANTLY  THE  MATRIX  WAS  ENTIRELY 
REPLACED  BY  THE  APPARENTLY  COARSENED  LAMELLAR  STRUCTURE 
COMPOSED OF THE !U#U ) PRECIPITATES AND THE A MATRIX )N THE 












IN  THE EARLY  STAGE OF AGING PROCESS  )F  THE  FORMATION OF  THE 
)N0DBASED  PHASE  WAS  PREVENTED  THE  AGEHARDENABILITY  OF 
THE  SPECIMEN  ALLOY WOULD  BE  OBTAINED  ONLY  BY  THE  !U#U  ) 
PHASE FORMATION WHICH IS THE MOST WELLKNOWN AGEHARDENING 
MECHANISM  IN  THE    MAJORITY  OF  DENTAL  CASTING  GOLD  ALLOYS 
&ROM THE VIEW POINT OF TARNISH AND CORROSION RESISTANCE SUCH 
ADDITIONAL  PHASE  FORMATION  BY  MINOR  CONSTITUENT  IS  BETTER 








!G#U0D  DENTAL  ALLOY  CONTAINING  )N  :N  AND  )R  AS  MINOR 
CONSTITUENTS WERE EXAMINED AND THE FOLLOWING RESULTS WERE 
OBTAINED
   4HE  HARDNESS  OF  SOLUTIONTREATED  SPECIMEN  INCREASED 




MATRIX  AND  THE  ½NE  )N0DBASED  PRECIPITATES  CONTAINING 
:N AND #U WERE FORMED AT THE GRAIN BOUNDARY 
   "Y  PROLONGED  AGING  UNTIL  THE  HARDNESS  DECREASED 
SIGNI½CANTLY  THE  MATRIX  WAS  REPLACED  BY  THE  COARSE 
















'EON(OO  *EON  IS  CURRENTLY  WORKING 
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